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Abstract 
The purpose of this paper is to study the calculation methods of intersection unblocked reliability based on the random arrival 
of vehicle  Using theories of probability and traffic flow, with primary consideration of random arrival of vehicle, the 
unblocked threshold of the urban signal intersection is determined by analyzing the intersection vehicle arrival distribution 
model. Besides, the model is verified with simulation software Paramics. This study proposes a new approach for calculation 
method of unblocked reliability. 
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1. INTRODUCTION 
With the accelerated process of urbanization in China, the problem of road traffic has increasingly become a 
bottleneck restricting economic development. Unblocked reliability is the probability on the condition that 
vehicles can travel under the unblocked service level[1]. Average delay is proposed to evaluate the operational 
state of signal light intersection in HCM(2000) . Bell MGH and other scholars (1999) obtained the reliability of 
smooth road network by calculating the analytical method for the connectivity reliability. Asakura Y (1991-1996_ 
put forward the method reflecting the reliability of the transport network through the volatility of the travel time. 
Chen Yan-yan(2006) produced three unblocked reliability evaluation methods for the basic unit of the road: based 
on the randomness analysis of traffic demand and supply, based on statistical data and based on fuzzy estimation. 
Tang Xi-ru(2011) assessed the unblocked reliability of network through weighted averaging the contribution of 
each grade road to the whole network.Current researches of scholars at home and abroad, mostly consider the 
macro traffic flow as random factors, smooth is defined without referring to the relevant specification and the 
models do not fully reflect the standards of the smooth, and fewer research involve signal light intersection. 
Therefore, it has practical significance of analyzing the issues of smooth and making standards about smooth 
based on arrival of vehicles, from the microscopic perspective. 
2. Analysis of intersection unblocked threshold 
2.1. The division of unblocked road intersection 
The levels of unblocked road intersection are commonly divided into five grades:  very unblocked, standard 
unblocked, basic unblocked, not very unblocked, not unblocked. This method has more classifications, which 
often causes the dividing line between each phase blur, not easily calibrated and so on. Therefore, the article 
intends to use digital coding, namely 0-1 state grading, only two states, the unblocked and congestion exist in the 
road, as shown in the following Table1. 
Table1 Division of the unblocked and congestion 
The Unblocked 0  Congestion 1  
very unblocked,  
the standard unblocked, the basic unblocked 
not very unblocked  
not unblocked 
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2.2. The determination of the unblocked threshold
Intersection is an important place of pooling steering and evacuation for vehicle and pedestrian, which is the
traffic throat. Therefore, the smooth threshold judgment of intersection should be based on its own traffic 
characteristics.
According to the provisions of China's Ministry of Public Security "Urban Traffic Management Evaluation
Index System 2005", the state of signal controlled intersections is defined as congestion whenmotor vehicle does 
not pass the intersection during three times green light time.The unblocked threshold is three times green light
time in signal controlled intersections.
3. Analysis of calculation method of unblocked rellability
Probability theory shows that the number of vehicles arriving in the observation periodis close to Poisson,
binomial, negative binomial distribution and other distribution characteristics. The analysis found that the
negative binomial distribution characterized the periodic interference (such as traffic signal
interference).Therefore, the negative binomial distribution is determined as the distribution of unblocked 
reliability in the urban road intersections.
Assuming that the flow capacity of intersection is C, the design traffic volume(Evaluation traffic volume) is Q,
The state of vehicle in the intersection waiting 3 signals to pass, can be approximated that the vehicles arriving at 
the intersection in a signal cycle completed evacuation in three cycles, the probability value on the condition that 
the traffic volume is waiting for 3 times in the intersection is:
1
it can be got by the principles of the negative binomial distribution :
2
So, the unblocked model of intersection is:
(3)
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In formula  
 p, k : parameter in negative binomial 0 <p <1, k is an integer; 
x: the number of vehicle arriving;  
m: the mean value of the samples;  
s2: The variance of the samples. 
4.  Model simulation validation 
Paramics is mature and reliable traffic simulation software. Its application areas include urban center district 
and a variety of primary and secondary roads. 
4.1.  Parameter setting 
Take the intersection of the city road as an example. The model is constructed in the red box as shown in 
Fig.1, for simulation validation. 
Though the survey of the actual intersection of trunk road, the volume of traffic is set as 1100pcu / h / lane, the 
number of lanes is four lanes, the speed is 50km / h, and the signal cycle length is 105s including: 
Straight direction of the north-south: Green time-33s,yellow time-2s,red time-70s; 
The left- turn direction of north-south and East-west: Green time-9s,yellow time-2s,red time-94s; 
Straight direction of the East-west: Green time-38s,yellow time-2s,red time-65s; 
 
Fig.1.chematic diagram of intersection of urban road 
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4.2. Analysis and conclusion 
The initial simulation road is a zero flow section, in order to close to the actual traffic flow, the output data is 
adopted10mintsafterstarting, Take the Queue Length of each 5mins to analyze shown as table 2. 
Though the traffic of 2200(pcu/h) passing the intersection from straight forward direction and the formula of 
calculating the time headway, the time headway is 1.64s. Considering the semaphore time of the straight 
direction of the north and south, the actual travel time is: green light time 33s plus yellow time 2s equals35s. The 
number of vehicles that can pass in a green time is: travel time / time headway, considering the vehicle start 
losses, the first three vehicles will not be considered, the passing vehicles number in once green timeis:35s/1.64-3 
= 19. Similarly, the queuing vehicles number during three traffic signal lights is calculated. Assuming the time 
headway is 7m, the vehicle queue length value not through the intersection during the three traffic lights, is 3 * 7 
* 19 = 399m. 
From the previous section: the value should be the smooth threshold. It is found from the existing 16 sets of 
data in the table 2, there are5 group data values smaller than 399m.Therefore, the unblocked reliability is 
=5/16=0.313,which means the volume of queue length less than the threshold divided by the volume of all queue 
length. 
Using the unblocked reliability calculation method of urban intersection in this study, traffic volume measured 
by the induction coil is put into the built model of formula(3), the unblocked reliability is 0.307.  
Furthermore, the relative error is calculated:| Theoretical value of Unblocked Reliability -The actual value|/ 
the theoretical value*100%=|0.307-0.313|/0.307*100%=1.7%, which means the unblocked reliability model in 
this study has a higher accuracy. 
Table 2  Simulation result 
Start Interval End Interval Link Link Type Lane Queue Length(ft) Queue Length(m) 
7:10:00 7:15:00 170:169 signalised 1 1021.5 311.3532 
7:10:00 7:15:00 170:169 signalised 2 1500.9 457.4743 
7:15:00 7:20:00 170:169 signalised 1 1271.7 387.6142 
7:15:00 7:20:00 170:169 signalised 2 1540.2 469.453 
7:20:00 7:25:00 170:169 signalised 1 1231.1 375.2393 
7:20:00 7:25:00 170:169 signalised 2 2313.5 705.1548 
7:25:00 7:30:00 170:169 signalised 1 1046.2 318.8818 
7:25:00 7:30:00 170:169 signalised 2 1442.4 439.6435 
7:30:00 7:35:00 170:169 signalised 1 1514 461.4672 
7:30:00 7:35:00 170:169 signalised 2 2422.7 738.439 
7:35:00 7:40:00 170:169 signalised 1 1492.2 454.8226 
7:35:00 7:40:00 170:169 signalised 2 1492.9 455.0359 
7:40:00 7:45:00 170:169 signalised 1 2297.9 700.3999 
7:40:00 7:45:00 170:169 signalised 2 2585.8 788.1518 
7:45:00 7:50:00 170:169 signalised 1 1240.8 378.1958 
7:45:00 7:50:00 170:169 signalised 2 2677.8 816.19344 
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5. Conclusions 
The problem of road traffic has increasingly become a bottleneck restricting economic development. On the 
premise of random arrival of vehicle, from the microscopic perspective, guided by the theories of probability and 
traffic flow, with use of comparative analysis and the combination between reality and theory, the unblocked 
thresholds in the intersection are determined from standard of China's Ministry of Public Security in this paper, 
with further combining the probability distribution of vehicles arrival, the unblocked reliability model is set up 
for urban road intersections. Besides, the model is verified with simulation software Paramics and the relative 
error is 1.7%.This research increases the rationality and accuracy of unblocked reliability and puts forward a new 
idea to evaluate the road condition. 
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